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Abstract: Based on the statistical study of the real —time monitoring data of heavy metal concentration in
Yuan River and Li River—the main drinking water sources of Changde City in 2016, the health risk of heavy
metals contained in the main drinking water sources of Changde City is evaluated by the health risk assessment
model recommended by the US EPA. The study concludes that the personal annual risk of health hazards of heavy
metals contained in Yuan River is ranked as As( Carcinogens) >Cd( Carcinogens ) >Pb ( Non—carcinogens) with a
health risk value of 1.03x107*, 3.59x10™°, 7.39x10™* a™'respectively. The risk of health hazards of heavy metals
contained in Li River ranks similarly to that of Yuan River with a health risk value of 1.24x10™* a™'for As, 4.00x
107 a™'for Cd, 7.62x10™° a™'for Pb. The overall annual health risk for human health is slightly higher than 5 X
107 and 1x107" a™' recommended by the ICRP and the US EPA, which should be paid attentions to by the
relevant departments.
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JEE T AR B R L R 4 B B AR HE AR IR 3 30K b O T B R B R i A 2 2R ORI B Jik %
il EHANY fE FEBM 4B ICHA T, Hg, Cd, Pb, As, Cu, Zn, Cr %2 Hrh As, Cd, Cr 2 A A S0
AR As FREE T S AR R RS B2 RGP AN RN, T E L S R R
BRI B T H BT B D B R fE EROR M B EEYRZ . Cd ST AR W, BRI
SRR B AT RE AP, AN 2 B R 5 B B, A BT R I Cd 72 AR 8% A 3 B~ 2 T i
38 a-*'.Pb SEU SN L EHARIE TR A , TR AT 530 5005 B BE, £ B LA i T, 51
LR IR GH AL R

MME R A OEIRZ S N, B e RIS Y8 E , He, Cd, Pb, As S+ 4y oe i i & o i
S5 A R DL T AN /KSR TR A T A 32 2RI KR, K R B0 %0 1P 2 i E ) B (A fe B B A B4 s i) AR
iz & [E PR F (US EPA ) HET (4 £ B XU AN AL 0 22 i AR /K T v 114 o s i R XS, e T A7, W]
B T AU AP K 22 U NGB 175 e R 7 5 e AR BE , 2% X /K 7 e 06 B PR 58 PR dr 4R (1B 2
KA.
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1.1 XE#R

T RE T I 1 A7 R DY LS St Ak v S A P e DX A i BRG] e I g e 9 1 ety Y 2
AT AR 2 Gk 16.7 °CAREREKHE 1200~ 1 900 mm. R4F 3 J] 42 8 J1 S 22 Wi K =19, JUJ Tl i ik 1y 4
AR 1LY 70% LA . P b P 35 A DU LA K Jede T i i i 45 BT XY B R /K 28 w9 32 B
AKUEDCTLR VR T S A A0, 0T 21 A Bl s mi By 89 160 km?*, Fii 4K 2y 1 020 km, Z W H 4
S IR TE R PR R 2 AR IR B AR T X DU B a1 T TR JEE 8. 7K SR R S K
29. 1 m* AR HgA K i 656.4x10° m? K i Fe i JE /K BB SR B A L B8, T 43t P B =R, LAAE TR R
LT REBATA R S B/ A0S TR AR, g Bk oK GEK A K S5 SO0, 28 B
NPE T TR BE W , 245 P72 R 131.2x10° m*, I AL 18 496 km® , Forn iR BE g 15 736 km® 442
T A (VLA ) 131.2x10° m®  ZE R AT Be i A 411 ] IS 8 B B R ()
1.2 HEkiR

X R PR Y T R R PR ——De VL 8K AT K BRI R A, 91 B A MR TR W AR TR N 3R 2 A
i1\ T B ) U el o T A S NS I PN E DA R DR R I TR < B N TN 18 O TR E B AR
Z 4% (http ; //www.hncems.cn ; 100/ publishedRealData.aspx ) .— &b 2 T 11T 5 3 75 17 22 AL iy B BBk
OV = 70 S5 M 000 DB 1A 5 573 — A 57 T 5K R 5 T 5 R T %) 5 5t et R a0 ) 150 SR K i 0 BB v e
DT MEIE UL 7 b 2K & 3h Wa sl R 372y 70 F1 120 km b330 34 A B U5 -EL A3 1817 X SR K28 = 6
UK . 32K K BT H Sl il o 24 b SEiF iAok B SO0, e it 1T 2016 4R 52 4R Sei 4 , i I3
I H 2390 oK i pH A, DO (IE R 4A,) , CODMn ( = 4f R #7580 , NH3-N (& &) , TP (B #%) , As (i) ,Cd
(§8) , Pb(HT) ASCEZG 1 I iy As(f) (CA(58) Pb(#1)3 FhEE 4 @t 70 4.
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WA 165 2 S ) 35 e AR BRI G R A AR R R DA R R XU R AE 4 3 98 PR 5 o e
F 20 fik2e 80 AEAR, FRE M 20 fib2d 90 AERTFIAZ AT, H RIS T AR R f K T K 2251 s 2 18
AN T 5 R K R i T 4 TR 15 e DB S ORI AR T AN, Rk A B 1) 52 ) 32 AT A2 o ) (i
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R = ;R;; = (D', x 10°°/RfD",) /76.1. (2)

Aofre Ry, AR omm i (35 k FvE = 80P 2 AR M T B NSO AR, o™ 5D, Ry
BURY) | 2R NRARR AR H I REEE, mg/ (kg - d) 59, HFEURY) | 28 AR E0R L R
B, (mg/ (kg - d) ) 73Ry, SAAREOREPI (3 1 FEEEORYIR) 2B AR I BUER G F 1A AT 4R K
e, ™' D', HAREUREY) | 2B ABRRALIRE HI RIS, mg/ (kg - d) s R/D', HALBORTS Yl i 19
BABIESHENE, mg/ (kg + d); 76.1 12016 {HA T AR &) Gt E AR, a.

T e 305 s DR K IR A0 AR H 28 82500 1t D, (D" ) i gl B4 73

D, =D", =22 x AC,(x) /60.57. (3)
A 2.2 AR HOK R, Ly AC,(x) AEHIRIERI S, (mg - L) 5 60.57 AChEEREFRY
TEPERR DL (2015) Y GETH AW B A IR TR kg.

H TR AR ™ A A T 9 R T2 B 4 2808 3 I () NP RS el b [ 56 % UIFE P A 8
H, T AR RO K R A X AR 7™ £ A G A R XU, Ay 2% B £ 35 A T 4 3R, By

R, =R" +R" (4)
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T2 M 0 3t 4 A0 8B R0 [ s A 244 3t 140 7K SCARRALE DA% M 3l A N B B 55 S B 19 D ok
A M I I0T AR SR B T S ) A5 SR 19 As, Cd, P 3X 3 FEE G Jm HEAT IO, MK ) s Al BF
FEHLIY (TARC) MY HAEAIZL(WHO) Sl (1970 28R 48, As FI Cd s/ SUR Y, Ph o9 1R S0m Y, Al
KESEIREINER 1T H R BT ™ Az 1 e Fe B AR BRAEL, A R LR 45 5 A L X
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SLPRIEOLIE T ARRE RS E , T LR 2.
®1 OBEBERE(ny/ (kg d)) " MEBBSEFE my/(kg - d)

FEMHT g RID',
As 15 -
Cd 6.1 -
Ph - 0.001 4
x2 ERF LB HHEERERERKEERRE a™!
IR R T K K- W 22 AL /- ik
SRR F (US EPA) 1x10™* - it
[ B 3 Wi 7 2% B4 25 (ICRP) 5%107 - -
PAGE-P 3PS 1x107° 1x1078 -
7 22 TR B 1x107° 1x1078 15
F IR B 1x1076 - b2 5 9

2 R 5

21 KEPEEESENRR

KA E A R RO LR 3. BV E R, Bk 5L < B 1 LA TR B E K 1A As, Cd, Pb 9
B B2 13k 3 1T 267K b i ( GB3838-2002) AHYS /K A7 [ 17 SC T TaT 3 7t <65 J 47 - 24 Wk B8 AEL 14 i T DT VL Bk
POWE S F W, w5 R As(19.2% 1) ,Cd(12.0% 1) ,Pb(3.4% T ) 435K , DCTLARIOUL & i 1K i K
P Cd AT BE TR B 1 SOKARUE , TR0 I Be O [ 2R/KARUE, 4 R 1 28K brife B IR Pb 1 4F
B FEIR B T 2EKbRife , A i Bodi il T 28 FRRIAH] I 2K ARifE s As UMK EE 2 4E R HF 1 ZKFRiEN. DLl
M 5 sl A T4 S ) AP B A3 A FE LI 2.Cd L Ph - v BE S A AN K, As He B A Ak .5~ 7 )]
AR MR, 43 W& 0.031 4,0.027 2,0.031 3 mg/L, Hirft As YREE{E M 0.023 5( 51k 74.8%) ,
0.019 3( (51 70.9%) ,0.022 6( 4 1t 72.2% ) mg/ LG /KA 11 R Wr K (A& b Cd B 4F 49k B2 s 31 1T 20K
P, H8 o I B OR AR 1 2K, AR [T 2K AR e EFR s Ph p 4R Bk Bk 2] T 28K bR, > il i Be
ik 26 ERRIREN M KARUE ; As (19U BE AR PR AT T 2R 7RARUE N T8 /KA T 18 G ot /K 1A 45 T ) vk i
Sy UL 3.Cd, Ph P-4 BEAR AN, As W BERALAR.4 A7 H 11 HE SR Bk BR300
0.035 0,0.031 2,0.035 3 mg/L, #r As ¥R EE(E K 0.023 8( i H 68.0%) ,0.022 8( |5 H. 73.0%) ,0.027 0( /4
e 76.4% ) mg/LGtiLANG /K EHF MM, sk A5, EECRAEY) R KR, 3 2 P8R 2 A 25 0 T Y e 43t
Z= 0 b B RYE T ESRAMIRE 2, T RE S K A b 4 S TR AR A AT K

3 BETEIEKRMAKEHESERE(n=52)

4@ e/ (mg/LL
Wi e TR (/1)
As () Cd(Euwr) Pb(AEEUE)
o /M 0.004 00 0.001 00 * 0.006 30
B 5
IR AH 0.031 00 0.002 30 0.010 60
(PEIN)
SERY 0.014 98 0.001 25 0.007 87
o /MY 0.007 00 0.001 00 * 0.007 00
AT TR
i IFo.N ] 0.037 00 0.002 50 0.010 70
(1K) .
SEA 0.017 85 0.001 40 0.008 14
Ik 0.050 00 0.001 00 0.010 00
T % 0.050 00 0.005 00 0.010 00
Mo KR IRBE I b bR
m2& 0.050 00 0.005 00 0.050 00
GB3838-2002 ]
V2K 0.100 00 0.005 00 0.050 00
VES 0.100 00 0.010 00 0.100 00
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BRI = W AT Wi
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0.035 | 0.035 |
0.030 f 0.030 -
0.025 | 0.025 |
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g 0015} g 0.015
0.010 0.010 f
0.005 | amrll I
0.000 ... o .. | goop M. M N N N N N N B N N =
1A 2 38 48 5A A 74 8H 9A 104 114 124 1H 2H 3H 4A 5H 6H 7H 8HA 9H 10A 114 121
uAsu(Cde Ph sAsuCd»Ph
B2 RTHRRBRIGFERNEREAHRESH B3 BKBIHXERKREELEAGREST

22 KEECEBRREMNEITNER

T AT R XU PPN R A4 T35 75 1 25 0005 e (R - B0 AU 25 2L, 3 DL 3 4.l 3R 4 T 50, Doy i 7K
A As 1 Cd 5 PR K842 5 | A BS0R AU T 40 10 1.07x107,3.64x107™ a™', Pb B0 T E A
BB Ay 7.39x107° a™" | KUK 254, As>Cd>Ph, SRR KSR 1.14x107™ a7 B4R 1| B AP RAA 1. 14
NHBIK Y As, Cd,Ph 3% 3 Ffr o4 Jag 175 G 1y 5 | e EHAERRE T BTl A6 T 38K B f R A As i1 Cd il ik
PR K i 4 | /2 18 SO0 XU - B4 10 33 O 1.27 107, 4.08 x 107 ™, Ph JJ: 3503 9 7 ekt e XU B3 A1
7.64x10™" a™" | KUK S GO 15 D0 7187 1 2 81, A e B XU O 1.31x 107 ™' BI4 4R 4 | 5 AT KA
131 ANEERFIZK ) As,Cd, Pb 3X 3 Bl 43 & 175 Ye i 5 | S B A e () sl 5 AR T, g T~ Do VL0 T80 2RO 7K
AR AR AE R IR £5% L, 5 2T 32 BRI K R K (A As RO fg R KU #R IR 2 T 107 &' 38 5T Cd AT Pb [y f bR
PR, ZRBH As J& 8 T IO /K U5 ) 32 220 R 1 R OCER T I T As 1554 22 Ba X 3.

x4 FEFEYVRSEREYFUELIRAKEE LR BRE a”!
)BT XU
W Btk L S HEA R
As(BUE) Cd(EU#EY) Ph(AE80wH))
=} -5 -6 -8 -5
I e/ M 2.86x10 2.91x10 5.91x10 3.16x10
(T IRAE 2.20x107* 6.69%x107° 9.95x107* 2.27x107*
ey
S 1.07x107* 3.64x107° 7.39x107 1.14x107*
- IR/ MHE 5.00%107° 2.91x107° 6.57x107 5.30x107°
( ‘@/b B 2.62x107 7.28x107 1.00x 1077 27010
187
. S 1.27x107* 4.08x107° 7.64x1078 1.13x107*

23 it

5 A SRR F K As, Cd P 3 3 R 4 A4 B HESRUR 4 EL L BRI LT, R0 N B 4
WA T SRR B2 R N JUA K I BUSERT AR 1 ~2 A0 0 B AR P AR VCOR As>
Cd>Ph, I LB As, Cd HYUEHER TS th Al SOR 91 Pb #9107~ 10° 5. W1 A S0z T HE A
RV 15 11 945 15 HAB IR e A — 50, HA BB R As, Cd S5k S0 91 % Ph il i
RGBT A MU L 2% S.

TR AT LS8 T Ve ALK/ AT B IS ok (o 8 4 A ibIRL ALk
S TI7 ELRIX 1 K 24 UK A o 0 T 28 2 DR 3 SMAS I i B LI 4 45 R 2 — 7 0 A
WY, EER T (1) ABFIE I3 R T G R TTAM0T: (2) I T % B VUK X — IR
SNIFBAT 25 LTI COPPBRA B i S5 5 (3) B A 7 i DA 54 0 A A 0 2
BRI AIPAS X s (4) T 5 Y S TR 7545 DRI AS B2 DR, AR 003 G801 A e
R XU A 2 365 5 30— A O DR 5. 3 FRAY LRI o 45 T LR X 1 e 28 A UK £
S 1 0 SRR 5, 3 70 P T G725 S LB I DU S0 0 R T 2 5
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F5 HMXigKFEM#HESRE As,Cd,Pb B R AKERE~ERN SR a™!
WA 0y TR S e XU Sk
As(Zomt)  Cd(Bu¥r)  Pb(IEZURY)
HRGEBETL 2011 1.26x1073 6.86x107° 3.00x1071° 1.95%1073 [10]
KA BUBL 2011 2.13%107° 2.79%1077 1.78x107° 2.16x107° [11]
WA PRI B 2016 3.05%107° - 4.88x107® 3.05x107° [12]
PUYCARTLARYL) T B, 2005 ~2008 9.13x107° 1.08x107° 2.18x107% 1.02x107* [3]
HMMAETL TR 2004 6.73x107° 2.74%1077 3.21x1071° 7.00x107° [13]
T 328 17 5L Al DX A 2013 1.42x107° 8.24x107¢ 5.41x107° 1.51x107° [14]
[REIDEEVILE 2006 3.32x107° 4.00x1077 3.00x107" 3.36x107° [15]
SEFBIA )1k 2013 4.63x107° 2.51x1078 4.96x1071 4.66x107° [16]
e =7 R R I8 SO R W sl A3 AR DGk

3 #ib

1) W8T FRKIE A, DU 8K B K B AS T REAE 1 2 [ K SRR B AR v, B 457 1126
M2 Z ) ASSCHFTER 3 R moc &b As IR (T i, — A1 e AR AP K, 4T 32 28k
KIS Je Bt (14 T 26 F A1

2) Ui I8 KK I G R AR KUK S5 2N As>Cd>Ph, AP EUEY As, Cd RN T X (E#E R
HUEYR P 1) 10° 2 10" £5. BUmY) As (1B T [ Pro 51 B 4 25 51 25 (ICRP) 156 [ BR BT L1475
(US EPA) fE7# I e K AT #52 BRAEKF- AR ZUR Y Bt Ph A HERR KUz Lt T ICRP 0 US EPA HEFZ [ AT
2O TR B , W72 | R A OGRS T L

3) TSR IR PR A BT O XU 285 T DLTLRAA, H HISAOK R R B2 fE R G IR As WE R A 7
MU AR E , B2 5 R 5% U < Ja 75 e A4 BT A
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